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T™he Bffect of Format and Organization on Ext:apolat1on
ana Interpolat;on with Hultiple Trend Displays
MARY L. WOLFE and VICTOR R.-MARTUZA Un Ver;ity‘of D;lawaxe
Pifty-six undergraduales Q?fticipated in an investigation of
the effects of format (bar graphs vs, tables) and organization ‘of
data on the speed and accuracy of extrapolation and interpolation
with multiple, nonlinear trend displays. Other variables of interest
!/ ware txend direction (increasing, decreasing) anJ-acceleratlon {low,
moderate, highl., Interpolation was relatively fast :hd accurate and
was unaffected b¥ experimenta% variables. Extrapolated valuef were
overestimated with decreasing trends and underestimatea with increas-
ing*trends: this effect was greatest with highly accelerated trends.

Response latencies were lower, but accuracy was unaffectedf when data

were clustered so that trends were perceptually salient.




© Objectives

It is widely believed that grap%s and tables are effective

media for displaying gquantitative information. ‘Evidence of this

. belief can be found by examining textbooks, scientific and technical

jéurnals, business reports and similar documents. Instructional
programs. in such diverse fields as g;ogfaphy: business and economics.
mathematics, and the physical, biolégical and social sciences typi-
cally includé the development of skill iq the use and construction
of graphs and tables as a major objective. In addition, examination
qf numerous standardized tests of ;ducational achievement suggest
;hﬁt comprehension of information displayed in graphs and tables is
anglued ability.
) Two tasks for which graphical and tabula:‘displays seem
partzgularly well-suited are interpolation (e.g., in the uge of tables
of logarithms or cumulative distribution functions) and_extrapol;tisn
le.g.: in the prediction of trends). However., very-little syétematic
regsearch has apparently been conducted to determine {a) tke specifié
skills ﬁeede& to perform these tasks; (b) the instructional techniques
which maximize the acquisition of these skills: and (c) the effects
of selected variables. such as format, visq;l coqplexity. and orgahi—
2ation of data, on the utility of graphs and tables for transmitting
quantitative information.
. W
ﬂa;hburne (1927) examined the effect of sefzqyed graphical,
&

tabular and verbal methods of presenting time-varying.guantitative

information on retention in junior high gchool students. The




critd&ion tgst me;sured performance on three types of teft items:

{a) specific amount items, requiring'recail of the price of a “&
lparticula:‘froduct at a given point ?n time; (b) staticICbmparisgn

items, calling for comparison df the prices of two. or more pgéducts

at the same peint in time: and (¢) dynamic comparison ifems, ~ --

requiring the comparison of price trends 'over a sp?cific time inter-

va13 Washburne's data suggest that per{ormance on each item type

is atfected by the manner in which the information is displayed ,' ¢
(prOSQ. pictograph, or bar graph), the amount infé;mation presented,

and th; logical organizatioﬂ of the information within the display: -

However, the results are somewhat eguivocal because completiqn ‘
{recall) items were used to assess specific amount learning, while
multipie-choice (recognition) jtems wére used to measure éfatic )
and dypémic comparison performance. Schutz {(1961a) studied the
effect of format (vertical bar, horizontal bar and iiﬁe'graph),

- amount of irrelevant data, ‘and amount of missing data on the speed
and accuracy of per%ormanceaon a single-trend det;;tion_task. He
concluded that line graphs were most effective and horizontal bar
graphs least effective for displaying single “trends, and that per-
formance tended to deteriorate as tﬁe amounts of irrelevant a&d

missing data increased. In a second experiment (1961b), concerned

with methods of diéplaying fultiple trends, gchutz found that

.multiﬁle-lipe singletgraph displays were superior to single-line
nultiple-graph’displays for point cdmparison tasks. However, Schutz
did not.study the effect of the organization or grouping of data

on performance with bar graphs--a potehtially important factor when

-
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this format is used to display multiple trendd within a single graph
(e.é., the annual earnings for each of four corporations over a ten-

year périod). In addition, neither washburne nor Schutz investigated

the relative efficacy of graphs and tahles for displaying trends,

Perspective/Theoretical Framew{gg},

Recent studies (e.g., Frase, 1969) havgfé;alt with the prob-

lem of Jearning prose from matrix-structured passages, where the

~¢f dimensions of the matrix are classes and q&alitatively different

+ .attributes-of these classes. The matrix tells contain attribute

- values associated with each of the classes. Information having this
———— - —
kind of structure-can be organized in Severa] ways: the two most

ofgen studied are organ;zatlon by row and organization by column,
Quantitative informat1on’1;ha that usually'alsplayed in tables and
graphs ofteri has a sinilar mat: structure. For imstance, the

oA
clasaes may be commodities, such as different brands of cereal, while

thé attribute dimension may consist of a single quantitative varjable,
such as time. The cells of the matrix then contain vaiuas of some
time-varying quantity, such agwnit pPrice. This information may be
org&éized or clusteréﬁ in two ways in a table or bar graph. The

. prices of different brands of cereal may be grouped together for each
year in the display (organization by ysar) or the varying'prices of
the same brand during su;céssive years may be grouped together so ;

- tha£ thie prEE‘trend for each brand is perceptually saliént {organiza-
.tion by brand)., IéT;;ems reasonable to predict thdn the two types of
brganization should differentially affect performance on both inter-

polation and extrapolation tasks. ,




The major purpose of the present experiment was to ex
tﬁe effeéts of format (bar graphs vs, tables) and crginization (bx
}ear vs. by brand) on thé ‘speed and §ccuracy of performance on intef-
polatidn and extrapolation tasks with multiplé, non-linea; trend
. displays. Other‘iddependent variables included in this study were
trend direction (increasing and decgeasing) and -trend acceleration

(low, moderate and high).

Methods
Two data matrices were prepared showing the prices in cents .

per bar fo; each of three difﬁeregt brands of cand} during each of
the years 1930, 1940, 1950, 1960 and 1970. In one matrix, the price
trends were incfeasing; in the other., trends were decreasing. For
-the first brand, differences between successive priées were 1, 2,
3 and 4. (For gyample. in the increasing trend condition, prices.wgre
15, 16, 18+ 21 and 25; in the ;ecreasing trenﬂ\condition, prices were
27, 26, 24. 21 and 17). For the second and third b;.\g-.nds: differences
ibetween successive prices were 1, 3, 5, 7 and 1, 4, 7‘\. 1"1, ré'spectivel[.y.
Thus, for each brand, "€he Tncreasing and éecreasing ;iends w;re
determined bf a "rule" (a regular seq;ence of successive price -
differences). The third trend showed the greatest acceleration (where
acceleration was positive for the increasing trend. negative for the .
dqcrea;ing trend). The fi;st trend showed the least acceleration.

. ?0} each of these data matrices, four stimulus displays were

pteparéd, one for each of the format x organization conditions. The

first display consisted of a table with the prices grouped by brand:

~
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the second consisted of ; taﬁle with the prices groqééd by year. The
’thi¥d‘ﬁnd fourth displays were vertical bar graphs Qith the prices
grouped by brand and by Year, respectively. The tables were typed
H/Z?/ah" x 11" sheets of white paper, while the graphs were drawn on

_AB%" by 14" sheets of white paper.. Subjects, who were tested indi-

r

vidually, were randomly assigned in equal numbers to the fohr_fo;mat
- [.‘ . .
x organization conditiens. Each subject was instructed to estimate,

! .
to the nearest whole number, the price of each brand of candy in 1980
and in 1990 (extrapolation) as well as in 1945 and 1965 (interpolation},

using both the increasing and decreasing t%end displays. Subjects
Ld R &
were told to work as quickly and as accurately as possible. The 24

extrapolation-+and intérpolation questions were independently randomized
. )

for each subject, each of whom recorded his or her responses in a test
i .
booklet. Response latencies were recorded to the nearest hundredth of

a second by the experimenter. Separate analyses of variance were

L

perfogmed on signed error gcores and on ldg latencies. -
bata Source
Pifty-six undergraduate;:enrolled in the College of Education
{t ' - /

-_aé the University of Delaware sprved as volunteers. They were awarded

credit towﬁrd course. requirements for pafticipation in the experimeht.'

'‘Results and Conclusions

4

Error scores were camputed by subtracting the correct extra-
polated or interpolated‘value {determined by applying the rule for

generating each trend) from each Subjeét's response (see Table 1

1
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:for cell means and standard deviations). Analysis of variance of

the error scores, uséing the Geisser-Greenhouse (1958) test with
conservative deére;s of freedom, showed significént main effects of
trend direction (F = 110.10, df = 1,52; p<€.01) and type of task

' (F = .B.],.B, daf = 1,52; p€.01). significant interactions were found
between trend and task (F = 13?.;0. af = 1,52; F)t.él): between trend
and rule (F’= 78.81, df = 1,52; p<.01}, and between trend, task, and
rule (F = 42.33, éf = 1,52; p%.01). There was a consistent tende'ncy
to overestimate extrapolated prices when the greﬁd was decreasing,
and to underestimate them dhen'the trend was increasin?., Wheg extra-
polation was performed with the d;creasing trends, 69.1% of the
responses were overéstimated: 11.6% were underestimated, and 19.3%
were ‘correct, With the'increasing té;nd, 6?:0% of  the responses |
were underestimated, 12.2% weré ovefestima;ed. ;nd 20.8% were correc;:
. The extrapolatien error was greatest, for each trend direction, when
the acceleration was greateést, The latter effect was most pronouncad
when trends were extrapolated to ;990, where mean errors were -13,3 and

15.6 fcir increasing and decreasing trends, respectively. In contrast.

interpolated estimates were relatively accur#te\regardless of trend

direction or acceleration; the largest mean error was only 1,30,

Analysis of variance of log latencies, again using :ﬁ:onserva-

* [

tive degrees of freedom, showed significant main effects.df t‘organil.'zation ! s
{F = 8.866, -df.= 1,52; p&.0l), task (F = 33,395, af = 1,52; p&.ol)
and rule (F = 36.294, 4f = 1,52; p£.01) (see Table 2 for cell means " , .

and standard deviations)., Significant interactions were found between

o ,iv . ( ’
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“or the graphl.cal format.

format and trend (F = 4.203, df = 1,52; p£.05), between format and ’
rule (F = 4,786, dij)ﬂ‘{:pi-pﬂ and between trend and rule
(F = 7.465, df = 1,52; p":. ). Organization by brand appeared to
enable subjects to search both tabular and graphical displays more
rapidly than orgam'.7tion by yvear. In addi-.tion, interpolation was
per formed more quickly than extrapolation, with extrapolation. to
1990 resulting in the longest latency. Response rimes were longest
for trends with the greatest acceleration; this effect was most
pr?nounced with increasing trends. Although there was no main
effect of format on respt;nse latency, decreasing trends r;asulted in
longer latencies for subjects viewing tabular displays. ‘Mbreover, ‘
the effect of trend acceleration appeal;ed to be grgater with table#
than with graphs. )

The results suggest that the hypothesized facilitating effect

of organization by brand may be manifested in response latency

g
rather than in accuracy: that is, subjects may be able to attain the
— ) ‘

same precision in less time w the data are clustered in such a way

that the trends are re ly perceived. 'Ihe.often-assumed superiority

I
of graphs over leg for displaymg trends was not supported by the
regults o the present experiment, perhaps because the rules for

gen 0 ting the trends were equally appar\t with either the ta.bular
o ¥

L

The tendency to over- or underestimate in éxtrapolation,

depending on the direction of the trend."u was altogether consistent

L]

/o . '
7’13 Pigure 1). One possible explanationlof. th:l.s* bendency\is that it

s
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may have been an artifact of the way in which the graphical displays
were constructed. 1In the case of the increasing trend withithe greatest
curvature, the correct valuye ext;apolated te 1990 was.73. while the
highest value on the vertical axis was only 70. That is, subjects

may have perceived the value of 73 to be off the scale, and lowered

~ R

their estimaies accordingly. However, whfn bne observes that this
source of bias would not have been present with the tabylar displays.
or wit? the dec?easing trgpd graphs, this explanation,%osés much of
its plausibility. «

Another, more reascnable interpretation is the following.
Spencer {1961) found that subjects in a graphicél extrapolation task
tended to respond as though a regression line were to be constructed
through tha set of points jin the stimulus. If thé best+fitting straight
line is constructed througf-a set of points ;hiFh define an increasing
Ehfction whose graph is concave upward,.that line will underegtimate
extrapélétion of the trend. Moreover, the underestimation will bé( g
greater for long-term than for short-term predictions, and wili inb;eaae
with increasing curvature of the trend. A si?;larf;;ﬁument.ghows thaty .

a regress1on line will lead to oVeresti‘?tion with a decreasing,

concave-downward trend. Perhaps subjdéts Lg’the present experlment

f H

resorted to a similar strategy, particuldrly when the acceleratton
of the trend, and distance between tﬁejkast data point and the point
to which egtrapoiati;n‘uas to be mad;. combined to make application
of the rule particularly difficult. The comparati;e efficiency.hith'

which interpolat%on was performed was reflected in both error and
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the Cartesianh plane, and isiboth visually aﬁ% computationally muqh
" \‘ - " L.

. 'riess of such displays as adjuncts in learning from prose, and in \ -

latency scores, and is ndt surprising. The task essentially involves

"locating the midpoint of a line segmentjgoining two»adﬁacent points in -

. f‘X

-

-

easier than extrapolation. . ~ . t

Lty
.

%
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Educational or Scientific Importance -0f the Study - '%i;' g ?ﬂ
- . L ”a .
- LT #
The recent interest in’ the acquisitigh and retention of 'infor- *
) - ' .
mation from prose suyggests that when the information is quantitative,

L

-«

X
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factors influencing the effectiveness of accompanying tables and graphs

’

should ﬁe given careful attention. The preseft experiment focused on

selected, readil?-manipulated char;c;eristics of graphs and tables

themselves, apar; from related-textual m;terial. In view gf the ;
exploratory nature of the study, definite recommendations regarding -

the construction, selection or use of graphs and tables for instructiocnal

purposes seems premature., However, the results suggest that format f/,“:'

and, particularly, organization should be investigated furthgr. since, -
botﬁ éeem to play an iﬁportant role in extrap01atioﬁ performance,

especially when the trends depart markedly from linearity. Identifi-
cation of those féctorg which affect tﬂe acﬁuisitisn'and retention of

L -

Anformation from graphs and tables will facilitate study of the useful-
development o0f instructional strategies relevant tocihe acquigition of

quantitative inforpation from printed media.

. . 4
s
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- - . TABLE 1. SIGNED ERRORS

)

v . : - Increasing P

= : Extrapolation Interpolatibn .

1980 ) 1990 ] - 1945 196%-

Rlﬂ " OR2 R3 R1 R2 R3 "R} RZ . R} R1 R2 " R3

Bars x 0.07 ~2.2% =3.93] -0.29 -6.71 ~-1a.36| 1.00 0.43 0.14 1.57 0.43 -1.21
by . . - ’
Year gD 4.86 2.04 3.97 6.09 3.50 7.89 3.57 4.48 2.93 4.07 1.34 2.94

-

Bars x |0.6a 1f:o.79 -2.50 3.36 -4.93 ~11.6a| 2.29 0.50 0.79 0.57 =-0.14 ~0.36
by :

‘|Brand SP 2.92 3_24‘ © 4.45 9.64 6.03 9.65| 4.95 “.3.30 3.07 3.34 0.86 3.9]
"Itables x }o0.14 0.64 -4.21} -3.43 -5.29 -12.93| 0.00 0.64 0.07] -0.14 0.29 -1.21
by : .
— Year SD 0.53 5.47 3.95 5.72 4.63 7.52] o0.00 . 0.50 0.27 1.03 2.20 3.53
" —— -

Tables x ~1.00 -1.93 -2.00 0.43 -6.43 “14.14 0.14 -0.93 0.07 0.00 -0.07 -0.29
by _ . , ’
.{Brand SP 1.11 -2.27 2.75 B.82 6.88 10.82 0.53 5.24 0.27 0.32 %7 1.94 1.44

o~
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TABLE 1. SIGNED ERRORS (Continued)

Decreasing
. Extrapolation - Interpolation ,
1980 I 1990 1945 1965
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3-
Bars ; 1'.f3 2.29 2.06 4.93 12.43 13.64 -1.29 —0.43- -0.64 0.14 0.29 0..93
:zar S0 5.08 4.70 6.32 .93 10.63 5:94 2.55 5.81 2.06 2.21 3:.32 4.78
Bars x 0‘.21 2.42; 1.86 1.93 6.71 16 .00 ;1.93 =-1.00 -1.21| -0.86 -0.71 0.00
ziand sD 1.72 2.53 3.39 2.20 3.91 11.14 3.83 0.00 ,2.61 2.18 1.14 8.74
Tables x | 0.93 . 2.57 2.71 3,43 1121 18.36 | -0.21 -0.07 0.00] 0.31 -0.29  2.07
::ar .isn 2.20 .82 3.41 | 4.57 12.21  16.33| 0.81 0.73  0.00| 1.18  2.55 4.8 f‘?\&
Tables x |0.64  3.07 - 2.86 | 3.57 11.57 14.21| -0.14 -1.29  0.36| -0.21 -2.00  2.21 ?
::and :SD" 1.78 4.76 4.66 7.07 13.15 10.43 0.53 4.38 1.08 0.5-9 7.23 5.29
' !:
\ . ;
\ \\ { "
N
a ’ v




TABLE 2. . #OG LATENCIES

. . 4 :

i TS

) . Increasing
. 4 . =
' 3 Extrapolation ‘Intérpolation
g . iga,o" . 1990 . : 1845 1965
g& Rl 'R3 g}ﬁ:{ Rl R2 - R3 1w R2 R3 R K2 R3

Bars ;5, 2.62  2.87 2.664| 2.72 2.86 . 2.65 | 2.56 2.77 '2.?5 2.57  2.93 ° 2.88
'zgar sp |0.55 0.58 0.50 | 0.60 0.47 " o.67 | o.38 - 0.47 ' 0.44| 0.50 , 0.45  0.58
Bars  x |2.06  2.48° 2146 2.66  2.38 | 2.17 2.03 2.21| 2.18  2.35 2.16

2,39
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TABLE 2. LOG LATENCIES

} .

‘ I Increa'sing

¥ T ] Extrapolation Interpolation
N\ * 1980 . 1690 1945 1965

¢“§£l R3 _g,:_!ts _Im R2 R3 R1 R2 R3 R1 R2 R3 e

aazx- x 2.62 2.87 2.66*} 2.72 2.86 2.65 2.56 2,77 2.75 | 2.57 2.93 WL’/
l;:nr- SD 0.55 0.58 0.50 0.60 0.47 0.67 0.38 0.57 0.44| o0.50 0.45 0.58
Bars x 2.06 2.48 ;.39 2.46 2.66 2.38 2.17 2.03 2.21| 2.18 2.35 2.16
';Lna SD 0.40 0.66 0.64 0.50 0.68 0.56 0.38 0.45 0.38| 0.46 0.29; 0.53
Tables X 2.28 .- 2.90 2.60 2.64 2.90 2.86 2.06 2.4) 2.53] 2.33 2.62 2.70
:l'u SD 0.37 0.63 0.58 0.39 0.55 0.54 0.44 0.50 0.57] 0.49 0.61 0.47
Tables x 2.22 \\ 2,38 2.35 2,40 2.66 2.50 2,010 2,21 2.41] 2.10 2,51 2.41
'é'i'm SD ;).41 "0.62 0.61 0.40 0.69 0.65 0.36 0.43 0.47} 0.40 0.63 0.33

1




_ A
- .
v TABLE 2. LOG LATENCIES (CONTINUED)
/ Decreasing '
. Extrapolation Interpolation
- : 1980 1990 . 1945 1965
- & Rl R2 R3. Rl R2 R3 Rl R2 R3 Rl R2 R3
Bars -~ x  |2.61 2.56 2.81 2.60 273 2.84 2.61 2.54 2.57| 2.62 2.75 2.79
- “';:ar sp |o.61 0.53 0.67 | 0.39  0.72 0.62 | 0.56 0.51 0.48| 0.50 0.52 0.54
Bars  x. |2.27 2.37 2.31 2.37 2.66 2.43 2.14 "2.18  2.08{ 2.14 2.32 2.23
— DY ) e -
-y (Brand SD [0.58 0.50  0.51 0.62 d.62 0.68 [ 0.40 0.37 0.49| 0.53  0.57 0.46
" lrables x  |2.70 2.78  2.87 2.78 3.06 2.82 2.33  2.25 2.54| 2.63 2.58 2.78
3§u s lo.s 0.y 0.53- | o.el 0.55 0.45 0.27 0.37 0.29| 0.36  0.44 0.48
Tables x  [2.31 2.51 2:46 2.59 2.74 2.84 | 2.22  2.27 2.36 | 2.19 2.50  2.55
:iand SD Jo.46 0.62 0.49 0.59  0.66 0.69 0.51 0.54 0.51| 0.54  0.65 0.60

ST
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